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PLUURUV73'0ZLWKSLH]RHOHFWULFDQGWKHUPDODFWXDWRUVDVZHOODVLQWHJUDWHGVHQVRUVUHTXLULQJUHOLDEOHFRQWDFWVKDYHEHHQ
LQWURGXFHGIRUWKHFRPSHQVDWLRQRIWKHUPDOOHQVLQJE\5HLQOHLQet al.
7KHPLUURU¶VG\QDPLFSURSHUWLHVQHHG WREH UHOLDEOH DV FXUUHQW FRQWURO VWUDWHJLHVXVH WKHG\QDPLFEHKDYLRURI WKH DFWXDWHG
PLUURUPHPEUDQHLQRUGHUWRLPSURYHWKHFRQWUROSHUIRUPDQFHLQWHUPVRIFRQWUROUDWHDQGGHYLDWLRQ,WLVWKHUHIRUHEHQHILFLDOWR





PRXQWLQJV PLJKW OHDG WR SRWHQWLDOO\ ODUJH FRQWDFW VWUHVVHV WKDW FRXOG LPSDLU WKH IXQFWLRQDOLW\ RI WKH V\VWHP GXH WR VXUIDFH
GHIRUPDWLRQ(ODVWRPHULFPRXQWLQJSURYLGHVDPHDQVRIGLVWULEXWLQJVXFKSUHORDGLQJIRUFHVEXWLQWURGXFHVRUJDQLFPDWHULDOVWR
WKHV\VWHP
&RPSDUHG WRPHFKDQLFDO FODPSLQJPDWHULDO ILW MRLQLQJ DOORZV IXUWKHUPLQLDWXUL]DWLRQ RI WKH MRLQW DQG WKHPLQLPL]DWLRQ RI
PRXQWLQGXFHGVWUHVVHV%RQGLQJWHFKQLTXHVXVLQJSRO\PHULFDGKHVLYHVRUVROGHULQJE\PHWDOOLFVROGHUDOOR\VFDQSURYLGHVXFK
PDWHULDOILWMRLQWV%RWKSURFHVVHVFRXOGSURGXFHH[WHQVLYHSODQHRUSRLQWVKDSHGMRLQLQJDUHDV/RFDOL]HGMRLQWVPLQLPL]HVWUHVV
EXW GHFUHDVHPHFKDQLFDO VWLIIQHVV DQGPD\ WKHUHIRUH FKDQJH WKHG\QDPLFEHKDYLRURI WKH DVVHPEO\$GKHVLYHERQGLQJ VHHPV
TXLWHREYLRXVDVLWLVDVLPSOHDQGLQH[SHQVLYHWHFKQLTXH8QIRUWXQDWHO\LWKDVFHUWDLQGUDZEDFNVORZWKHUPDOFRQGXFWLYLW\RIWKH
DGKHVLYHVKULQNDJHUHGXFHGORQJWHUPVWDELOLW\PRLVWXUHLQGXFHGGHJUDGDWLRQDQGHYHQWXDOO\RXWJDVVLQJ6ROGHUMRLQWVSURYLGH
D KLJKHU WKHUPDO FRQGXFWLYLW\ KLJKHU PHFKDQLFDO VWUHQJWK DQG LPSURYHG VWDELOLW\ RYHU WLPH ZLWK UHVSHFW WR HQYLURQPHQWDO
LQIOXHQFHV 7KH DOO LQRUJDQLF ERQGLQJ PDWHULDOV SUHYHQW RXWJDVVLQJ DQG RIIHU VLJQLILFDQW DGYDQWDJHV IRU PDQ\ ILHOGV RI
DSSOLFDWLRQ6ROGHULQJ KRZHYHU UHTXLUHV D VROGHUDEOHPHWDOOL]DWLRQRQERWK FRPSRQHQWV DQG WKH WKHUPDO UHIORZRI WKH VROGHU
DOOR\/DVHUEDVHG VROGHULQJ LVZHOO VXLWHG IRU WKH MRLQLQJRIRSWLFDO FRPSRQHQWVPDGHRI IUDJLOH DQGEULWWOHPDWHULDOV VXFKDV






SULQWHG FLUFXLW ERDUG ,W LV EDVHG RQ SULRU ZRUN IRU PRXQWLQJ RI RSWLFDO HOHPHQWV HJ OHQVHV %XUNKDUGW et al. D DQG
XQLPRUSKGHIRUPDEOHPLUURUV 5HLQOHLQet al. ,W VLPSOLILHV WKHPDQXIDFWXULQJSURFHVVDQG WKH ORFDOL]HGKHDWLQJGXULQJ
VROGHULQJLVEHQHILFLDOIRUDORZVWUHVVPRXQWLQJRIVHQVLWLYHFRPSRQHQWVVXFKDVWKHXVHGPLUURUPHPEUDQHV6-%ERQGVKDYH
EHHQFKDUDFWHUL]HGZLWKUHVSHFW WR WKHLU WKHUPDODQGGLPHQVLRQDOVWDELOLW\RIDVVHPEOLHV MRLQHGE\6-%EULGJLQJ ODUJHJDSVRI
DERXWȝPEHWZHHQ WKH FRPSRQHQWV7KH\H[KLELW D OHQJWK FKDQJHRIaQPDQGD WLOW RIa DUFVHFZKHQ VXEMHFWHG WR D
WHPSHUDWXUHYDULDWLRQIURP&WR&RYHUD\HDUVXSSRUWLQJWKHFODLPRIORQJWHUPVWDELOLW\/RUHQ]HWDO:HKDYH
DOVRGHPRQVWUDWHGWKHVWUHVVUHOD[DWLRQLQVROGHUMRLQWVE\SKRWRHODVWLFLW\PHDVXUHPHQWVRIRSWLFDOSDWKGLIIHUHQFH%XUNKDUGWet 
al.E+RZHYHU WKHFDSDELOLW\RI WKH6-% WHFKQLTXH WR LQIOXHQFH'0G\QDPLFSURSHUWLHVDQG WKH ORQJWHUPVWDELOLW\RI
VROGHUHG'0PRXQWVKDYHQHYHUEHHQDGGUHVVHG
7KLVVWXG\H[DPLQHV'0PRXQWLQJDQGDFWXDWRUFRQWDFWLQJE\6-%7KHDLPRIWKLVZRUNLVWKHGHWHUPLQDWLRQRIWKHQHFHVVDU\
QXPEHURIGLVFUHWHVROGHU MRLQWV LQRUGHU WRREWDLQPHPEUDQHFKDUDFWHULVWLFVFRPSDUDEOH WRD IL[HGPRXQWE\DQDO\VLVRI WKHLU
UHVRQDQFHEHKDYLRU0RUHRYHU WKUHH SLORW VDPSOHVZHUH VHW XS WR DQDO\]H WKH UHVRQDQFHEHKDYLRU DW WKH RSWLPXPQXPEHU RI




2.1. Laser-based Solderjet Bumping 
-RLQLQJ SDFNDJLQJ DQG DVVHPEO\ RI VHQVLWLYH RSWLFDO FRPSRQHQWV EHQHILW IURP IOX[IUHH ERQGLQJ WHFKQLTXHV WKDW SUHYHQW
FRQWDPLQDWLRQRIVXUIDFHV3UHFLVHO\FRQWUROOHGKHDWLQJHJ ODVHUEDVHGDQGVROGHUUHIORZOHDG WRPLQLPL]HGDUHDVRI WKHUPDO
LQIOXHQFH DQG DUH WKXV DGYDQWDJHRXV IRU KLJKSUHFLVLRQ MRLQLQJ 7KH ORFDOL]HG KHDWLQJ DYRLGV WKHUPDO GHDOLJQPHQW GXULQJ
DVVHPEO\DQGHQDEOHV WKHVHTXHQWLDOEXLOGXSRIV\VWHPV'LIIHUHQW WHFKQLTXHVRIKHDWLQJVROGHUDOOR\VE\ ODVHU LUUDGLDWLRQDUH
SURSRVHGXVLQJHLWKHUWKLQILOPVROGHUOD\HUV%DQVHet al.VROGHUSDVWHV6WDXIIHUet al.VROGHUSUHIRUPVKHDWHGDW
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ILJXUH± VLQFHVPDOOJDSVFDQEHEULGJHGE\ WKH VROGHU8VLQJ WKLVDGYDQWDJH LW LVDOVR IHDVLEOH WRDGMXVWFRPSRQHQWVSULRU WR
MRLQLQJLQVL[GHJUHHVRIIUHHGRPDQGZLWKLQFRPSOH['LQWHJUDWHGJHRPHWULHV,WXVHVVSKHULFDOVROGHUSUHIRUPVRIVRIWVROGHU
DOOR\V LQ D GLDPHWHU UDQJH RI  P WR P7KH MHWWLQJ RI OLTXLG VROGHU GURSOHWV UHIORZQE\ DQ ,5 ODVHU SXOVH IURP D
SODFHPHQWFDSLOODU\SURYLGHVH[FHOOHQWWKHUPDOFRQWDFWRIWKHDOOR\ZLWKWKHFRPSRQHQWV7KHERQGKHDGLQWHJUDWHVVROGHUYROXPH
IHHGLQJUHIORZDQGDSSOLFDWLRQRIWKHVROGHULQDFRPSDFWGHYLFHDOORZLQJIRUDKLJKO\DXWRPDWHGDQGIOH[LEOHXVH6-%DOORZV
WKH ERQGLQJ RI D EURDG UDQJH RI PDWHULDOV LQ KHWHURJHQHRXV FRPELQDWLRQV 7KH IRUPDWLRQ RI D PHWDOOLF VROGHU MRLQW XVLQJ
FRPSRQHQWVPDGHRIQRQPHWDOOLFPDWHULDOV UHTXLUHVDZHWWDEOHPHWDOOL]DWLRQ OD\HUDSSOLHG WR WKHFRPSRQHQWVDVSURYLGHGE\
WKLQILOPHJSK\VLFDOYDSRUGHSRVLWLRQ39'RUWKLFNILOPHJE\VFUHHQSULQWLQJRIPHWDOSDVWHVSURFHVVHV6SXWWHUHGWKUHH
OD\HU V\VWHPV XVLQJ WLWDQLXP DGKHVLRQ OD\HU D SODWLQXPGLIIXVLRQEDUULHU DQG D QREOH JROG ILQLVK SUHYHQWLQJ R[LGL]DWLRQ DQG
DFWLQJDVDZHWWLQJVXUIDFHSURYLGHVXSHUEFRQGLWLRQVIRUZHWWLQJRIOLTXLGVROGHUGURSOHWV
8VLQJ 6-%ZH GHPRQVWUDWHG VXEPLFURQ DFFXUDF\ SDFNDJLQJ RI QXPHURXVPLFURRSWLFDO DVVHPEOLHV LQFOXGLQJ GLUHFW ILEHU
FRXSOLQJ DQG WKHKHUPHWLF VHDOLQJRI DQ HQGRVFRSLF WLS %HFNHUWet al.  WKHERQGLQJRISRODUL]DWLRQPDLQWDLQLQJ ILEHUV
2MHGDet alWKHDVVHPEO\RIDFRPSDFWDQGUREXVWVROLGVWDWHODVHUIRUWKH([R0DUVPLVVLRQ5LEHVet al.DQGWKH
ORZ VWUHVVPRXQWLQJ RI OHQVHV %XUNKDUGW et al. D 7KH DVVHPEO\ RI DPXOWLEHDP GHIOHFWLRQ DUUD\ IRU QH[WJHQHUDWLRQ
HOHFWURQEHDPOLWKRJUDSK\RXWOLQHV WKHIHDWXUHVRI WKLV WHFKQLTXHZLWKUHVSHFW WRYDFXXPFRPSDWLELOLW\DQGKLJKHVWFRPSRQHQW
SODFHPHQWDFFXUDF\%XUNKDUGWet al.D
2.2. Thermally-piezoelectric deformable mirror sample & fabrication processes  
:HLQWURGXFHDGHIRUPDEOHPLUURUVDPSOHDVDVLPSOLILHGPRGHORID73'0EDVHGRQDGHVLJQRXWOLQHGE\5HLQOHLQet al.
WRUHGXFHHIIRUWDQGFRVWIRUWKHSUHVHQWHGLQYHVWLJDWLRQVVHH)LJ7KHIURQWVXUIDFHRID73'0LVIL[HGWRLWVPRXQW













GLVF DUH FRDWHGZLWK D FRSSHUQLFNHO DOOR\ WR SURYLGH FRQGXFWLYH OD\HUV DV HOHFWURGHV 7KH IURQW VXUIDFH RI WKH /7&&PLUURU
VXEVWUDWH LV FRDWHGZLWK WLWDQLXPDQGFRSSHU 39'ZKLFKHQDEOHVERWK WKHSRVVLELOLW\RIJHQHUDWLQJD UHIOHFWLYH VXUIDFH WKH
FRSSHUVHUYHVDVDVWDUWLQJOD\HUIRUDJDOYDQLFFRSSHUWKLFNILOPDQGWKHFRQWDFWDUHDIRUWKHVROGHUMHWSURFHVV7KHFRXQWHUSDUWV




2.3. Mirror characterization  
7KHSUHGLFWLRQRIIDEULFDWLRQLQGXFHGVWUHVVIRUGHIRUPDEOHPLUURUVLVPDGHE\/DVHU'RSSOHU9LEURPHWU\/'9/'9LVD
QRQFRQWDFWPHDVXUHPHQWRIVXUIDFHYLEUDWLRQVERWKGHIOHFWLRQDQGYHORFLW\:LWKWKHODVHUEHDPIURPWKH/'9GLUHFWHGDWWKH
PLUURU VXUIDFH WKH YLEUDWLRQDO DPSOLWXGH DQG IUHTXHQF\ FDQ EH FDOFXODWHG IURP WKH'RSSOHU VKLIW RI WKH UHIOHFWHG ODVHU EHDP
)LJ6FKHPDWLFVRIVLPSOLILHGPLUURUVDPSOHZLWKGHWDLOHGYLHZRIVROGHUMRLQLQJJHRPHWU\
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IUHTXHQF\:HXVHD3RO\WHF2)9ILEHURSWLFDOV\VWHPIRUPHDVXUHPHQWRIVLQJOHSRLQWYLEUDWLRQVHJWKHPLUURUFHQWHUWR
GHWHUPLQH WKH ILUVW QDWXUDO UHVRQDQFH DQG D 3RO\WHF 369 VFDQQLQJ YLEURPHWHU 6/'9 IRU PDSSLQJ YLEUDWLRQV RYHU D
VXUIDFH HJ WR GHWHUPLQH WKH KLJKHUPRGHV RI GHIOHFWLRQ 7KH VLQJOH SRLQW /'9 XVHV D VLQXVRLGDO HOHFWULFDO YROWDJHZLWK DQ
DPSOLWXGHRI9DQGDQRIIVHWRI9WRGULYHWKHSLH]RHOHFWULFDFWXDWRUZLWKDFKLUSVLJQDOEHWZHHQN+]DQGN+]7KH6/'9
DSSOLHV D SHULRGLF FKLUS VLJQDO LQ WKH IUHTXHQF\ UDQJH EHWZHHQ +] DQG N+] ZLWK DQ DPSOLWXGH DQG DQ RIIVHW RI 9






ZLVH IL[HGPHPEUDQHV DUH FRPSDUHG ZLWK DQ DQQXODU IL[HGPHPEUDQH UHIHUHQFH 7KH REMHFWLYH LV WKH LGHQWLILFDWLRQ RI WKH
UHTXLUHGQXPEHURIGLVFUHWHVROGHUEXPSVRUUHVXOWLQJVROGHUMRLQWV$VTXDOLW\FULWHULDZHFKRVHWKHUHVRQDQFHIUHTXHQF\DQG











'HQVLW\NJāP   
<RXQJ¶V0RGXOXV*3D   
3RLVVRQ5DWLR   

:H DSSO\ WKUHH VROGHU EXPSV HTXLVSDFHG RQ D GLDPHWHU RI PP DQG VLPXODWH WKH ILUVW QLQH UHVRQDQFH IUHTXHQFLHV DQG








1XPEHURIEXPSV P P P
EXPSV +] +] +]
EXPSV +] +] +]
EXPSV +] +] +]
EXPSV +] +] +]
EXPSV +] +] +]

$SRVVLEOHLVVXHUHODWLQJWRWKHPRXQWLQJRIVXFKPHPEUDQHVLVDSULQWWKURXJKRIWKHVROGHUMRLQWV±DVXUIDFHGHIRUPDWLRQ
EDVHG RQ WKHPHFKDQLFDO IL[DWLRQ )LJ  VKRZV WKH GHIOHFWLRQ VKDSH RI D IL[HGPRXQW OHIW FROXPQ DQG WKH UHVLGXDO RI WKH
GHIOHFWLRQVKDSHIRUWKHPRXQWLQJZLWKGLVFUHWHVROGHUEXPSV7KHUHVLGXDOLVWKHGLIIHUHQFHEHWZHHQGHIOHFWLRQVKDSHRIIL[HG
DQGGLVFUHWHPRXQWXVLQJQRUPDOL]HGDPSOLWXGHV0RXQWLQJWKHPLUURUPHPEUDQHXVLQJWKUHHDQGVL[EXPSVFOHDUO\VKRZVWKH
H[SHFWHG SULQWWKURXJK RI WKH GLVFUHWH MRLQWV &RQVLGHULQJ WKH ILUVW GHIOHFWLRQ VKDSH RI WKH  EXPSV PRGHO VKRZQ ZLWK
KLJKOLJKWHG EXPS SRVLWLRQV WKH GLIIHUHQFH RI GHIOHFWLRQ LV QHJOLJLEOH )XUWKHUPRUH WKLV HIIHFW GHFUHDVHV ZLWK DQ LQFUHDVLQJ
QXPEHU RI EXPSV  DQG :H WKHUHIRUH RSWHG IRU WKH DSSOLFDWLRQ RI  EXPSV WR PRXQW WKH '0 EDVHG RQ WKH VPDOO
GHIOHFWLRQVKDSHGLIIHUHQFHWRWKHIL[HGDQQXOXVDQGWKHUHDVRQDEOHSURGXFWLRQHIIRUW


















WKH PHPEUDQHV FHQWHU LV PHDVXUHG E\ WKH RQH FKDQQHO YLEURPHWHU 3RO\WHF 2)9 DQG VKRZQ LQ )LJ 6LQJOH SRLQW
YLEURPHWU\LVXVHGWRNHHSWKHWLPHEHWZHHQVXEVHTXHQWVROGHULQJSURFHVVHV WRDPLQLPXP:LWKLQFUHDVLQJQXPEHURIVROGHU
MRLQWV WKH ILUVW UHVRQDQFH IUHTXHQF\ LQFUHDVHV DQG DSSURDFKHV DV\PSWRWLFDOO\ WKH IUHTXHQF\ IRU WKH IL[HG DQQXOXV 7KH
PHDVXUHPHQW UHVXOWV RI WKH WKUHH VDPSOHV DUH LQ DFFRUGDQFHZLWK WKH VLPXODWLRQ UHVXOWV DOEHLWPDUJLQDOO\ ORZHU7KHJHQHUDO
WUHQGRILQFUHDVLQJUHVRQDQFHIUHTXHQF\LVFOHDUO\UHSURGXFHGE\WKHPLUURUPRGHOV
$IWHUFRPSOHWLQJWKHIDEULFDWLRQRIWKHVROGHUEXPSVLQWKHWKUHHPRGHOPLUURUVZHXVHWKHVFDQQLQJYLEURPHWHU3RO\WHF
369 WR GHWHUPLQH WKH GHIOHFWLRQ VKDSH RI WKH KLJKHU UHVRQDQFHPRGHV:H FRPSDUH WKH GHIOHFWLRQ VKDSHV FDOFXODWHG E\
&RYHQWRU:DUHZLWK WKHPHDVXUHG VXUIDFHV DQGYLVXDOO\ LQVSHFW WKHP IRU VROGHUEXPSSULQWWKURXJK1RW DOO RI WKH FDOFXODWHG
GHIOHFWLRQVKDSHVFDQEHPHDVXUHGDVWKHUGDQGWKUHFHVVLYHPRGHVDUHVXSSUHVVHGE\WKHGRPLQDQWPRGHV7DEOHIXUWKHUOLVWV
WKH ILUVW WKUHH UHVRQDQFH IUHTXHQFLHV f1, f2, f3 DQG ILJXUHVRIPHULWTXDOLW\ IDFWRU Q IDFWRU DQG WKH UDWLRRI WKHKLJKHURUGHU
UHVRQDQFHIUHTXHQFLHVf2/f1f3/f1RIWKHPLUURUPHPEUDQHVGHSHQGLQJRQWKHQXPEHUVRIEXPSV7KH4IDFWRULVDPHDVXUHIRU
WKH GDPSLQJ RI WKH ILUVW UHVRQDQFH IUHTXHQF\ DV LW LV FDOFXODWHG E\ WKH UDWLR RI UHVRQDWRU
















f1+]   
QIDFWRU   

f1+]   
QIDFWRU   

f1+]      
QIDFWRU      
f2 / f1       
f3 / f1      

:HKDYHGRQHWKHILUVWFKDUDFWHUL]DWLRQRIWKHVDPSOHPLUURUVLQ1RYHPEHUDQGUHSHDWHGWKHPLQ0DUFK7DEOH
DQG )LJ  WKHUHIRUH FRPSDUH WKH UHVXOWV RI WKH ³DV VROGHUHG´ ZLWK WKH UHVRQDQFH EHKDYLRU DIWHU ORQJWHUP VWRUDJH 7KH
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FRPSDULVRQRI WKH ILUVW UHVRQDQFH IUHTXHQF\ f1EHWZHHQ WKHPHDVXUHPHQWV WDNHQDQGVHH7DE UHYHDOVPDUJLQDO
GLIIHUHQFHVRQO\7KLVLQGLFDWHVDPHFKDQLFDOO\VWLIIERQG+RZHYHUZHREVHUYHVOLJKWFKDQJHVLQWKHQIDFWRU,WLQFUHDVHVIRU
VDPSOHUHPDLQVPDLQO\FRQVWDQWIRUVDPSOHZKLOHLWGHFUHDVHVVLJQLILFDQWO\IRUVDPSOH7KHFKDQJHVRIWKHWKHQ IDFWRUJR
DORQJZLWKVOLJKWGHYLDWLRQVRI WKHUDWLR f2/f1DQG f3/f1. $OWKRXJKZHFDQQRWGHWHFWDFOHDU WHQGHQF\RUFRUUHODWLRQZHFRQVLGHU
WKHVHFKDQJHVVPDOO
7DEOHOLVWVWKHWKHFRPSXWHGUHVRQDQFHIUHTXHQFLHVDQGWKHYDOXHVREWDLQHGE\WKHVFDQQLQJYLEURPHWHU$PDMRUVLPLODULW\
EHWZHHQWKHVLPXODWLRQVDQGWKHPHDVXUHPHQWV LVREVHUYHG,QJHQHUDO WKHFDOFXODWHGYDOXHVE\&RYHQWRU:DUHDUHKLJKHU WKDQ
H[SHULPHQWDOYDOXHVZKLFKFRXOGEHDWWULEXWHGWR WKHRYHUHVWLPDWLRQRI WKH<RXQJ¶VPRGXOXVRIRQHRI WKHOD\HUVRU WKLFNQHVV
GLIIHUHQFHVRIWKRVHOD\HUV7KHHYLGHQWPLQRUGLIIHUHQFHVEHWZHHQWKHVDPSOHVFDQEHH[SODLQHGE\GLIIHUHQWWKLFNQHVVHVRIWKH














VW       
QG       
UG  1$ 1$ 1$ 1$ 1$ 1$
WK       
WK  1$ 1$ 1$ 1$ 1$ 1$












)RUDGGLWLRQDOYLVXDOL]DWLRQ WKHPHDVXUHGGHIOHFWLRQVKDSHVRIVDPSOHDUH VKRZQ LQ)LJXUH7KHPRGHVKDSHVVKRZDQ
H[SHFWHG EHKDYLRU FRPSDUHG WR WKH QXPHULFDO PRGHO DV VKRZQ LQ )LJ  6DPSOHV WZR DQG WKUHH QRW SLFWXUHG KHUH H[KLELW







































7KH SUHVHQWHG ZRUN KDV EHHQ IXQGHG E\ WKH )HGHUDO 0LQLVWU\ RI (GXFDWLRQ DQG 5HVHDUFK %0%) ZLWKLQ WKH SURMHFW








%DQVH + %HFNHUW ( (EHUKDUGW 5 6W|FNO : 9RJHO -  /DVHU %HDP 6ROGHULQJ ± D 1HZ $VVHPEO\ 7HFKQRORJ\ IRU 0LFURRSWLFDO 6\VWHPV
0LFURV\VWHPV7HFKQRORJLHV±



































6WHLQ6+HEHUOH -*UWOHU -+&YHFHN.5RWK66FKPLGW0 ,QIOXHQFHVRI1R]]OH0DWHULDORQ/DVHU'URSOHW%UD]LQJ-RLQWVZLWK&X6Q
3UHIRUPV3K\VLFV3URFHGLD±
6WHLQKDXV(/LSVRQ6*%LPRUSKSLH]RHOHFWULFIOH[LEOHPLUURU-2SW6RF$P±
<RGHU35-U0RXQWLQJRSWLFVLQRSWLFDOLQVWUXPHQWVQGSULQWLQJLQ63,(SUHVV
=KL-XQ5;LDR<DQ/0HL%LDR/&KDQJ4XDQ;;LDR0LQJ/5X;LQ/=KL=KDQ;:DYHIURQW&RUUHFWLRQRI3HWDZDWW/DVHU6\VWHPE\D
'HIRUPDEOH0LUURUZLWKPP$FWLYH$SHUWXUH&KLQHVH3K\V/HWW

